Introduction
The aerosol produced during the use of dental instruments can spread pathogens potentially harmful to health. In addiction, a dental unit is furnished of a hydraulic system (HS), which delivers water to the different hand pieces, air/water syringes, and ultrasonic scalers. Contamination can occur when oral pathogens enter the HS through back siphonage when the handpiece is turned off. The entrapped pathogens can then be ejected with the water through the HS, increasing the potential for cross-infection from patient to patient. To prevent HS from being contaminated, the handpieces are manufactured with a retraction mechanism. This mechanism can actively "suck-back" contaminants from the oral cavity. The HSs are equipped with anti-retraction valves to prevent suck-back of contaminants from the oral cavity and are designed to give a short "terminal flush" of water to push out any suck-back. In the in vitro and in vivo experimental studies, even new and unused anti-retraction valves were shown to be quite unreliable, leading to microbial suck-back into the HS from the patient (1). HS can also become contaminated from the main water supply, which, although potable, still carries pathogens. Some studies have reported that the primary colonizers of HS are not oral microorganisms, but rather the bacteria that are normally found in potable water (Moraxella spp., Flavobacterium spp., Legionella spp., Pseudomonas spp., Klebsiella pneumoniae, Acinetobacter spp., Mycobacterium avium) ( 3). These pathogens colonize and replicate on the inner surfaces of the HS biofilm. The biofilm protects the pathogens from desiccation, chemical insult and predation, and it serves as a reservoir that significantly changes the number of free-floating microorganisms in the HS. Pathogens on the surfaces are continuously released from the biofilm into the HS, so that the biofilm becomes the primary reservoir for continued contamination of the HS. Factors associated with biofilm formation in HS could include the following: long periods of stagnation on weekends and evenings, nutrients in the water that promote microbial survival, mineral content and hardness of water that promote coating of the lumen, microbial quality of the water of HS, and failure of anti-retraction valves leading to contamination from the oral cavity of patients.
Pathogens in water lines
Most of the pathogens found in HS output water are Gram-negative aerobic heterotrophic environmental bacterial species that exhibit very low pathogenicity, although they may be of concern in the treatment of vulnerable patients, such as immunocompromised and medically compromised individuals and dental team. Some bacterial pathogens such as Pseudomonas aeruginosa, Legionella pneumophila and non-tuberculosis Mycobacterium species were found in HS (4) . Only a few instances of cross-infection related to HS and associated biofilms have been reported in the literature (5) . However, it is still possible that infections caused by HS have gone undetected or unreported because of the failure to associate exposure to HS and aerosols generated from this water with the development of specific infections. Sporadic infections not requiring hospital admission are also less likely to be investigated. Because of these contaminants, it is important to establish control methods for cleaning and disinfecting the HS and for providing quality irrigant/dental treatment water. Different dental chair manufacturers recommend specific products to disinfect their HS. Due to issues of material compatibility, practitioners should consult the manufacturer of their HS prior to introducing any chemical agent, as this may otherwise invalidate their warranty. Depending on the nature of various germicidal agents and the various devices or systems provided with the HS, chemical treatment protocols could be used intermittently as a "shock" treatment (higher concentration) and/or continuously introduced into waterlines in small quantities. Although the disinfectants of HS are more efficacious at high concentrations, these levels are limited by the degree of risk to personnel, surfaces or equipment; overall, the continuously applied products performed better than those applied intermittently. This protocol requires having an independent reservoir system that can accommodate the solution of choice.
Infection risk for patients and dental team
Dental team (DT) and patients can be exposed to pathogenic microorganisms including cytomegalovirus, hepatitis B virus, hepatitis C virus, and herpes simplex virus. These pathogens can be transmitted in through direct contact with blood, oral fluids, or other patient materials; contact of conjunctival, nasal, or oral mucosa with droplets containing microorganisms generated from an infected person and propelled a short distance; inhalation of airborne microorganisms that can remain suspended in the air for long periods; and indirect contact with contaminated objects. Due to the nature of their profession DT is at higher risk to acquire pathogenic microorganisms. DT risk of exposure is in line with the infectious nature of their patients, interventions or instruments that produce bio-aerosols. DT working in wards with patients suffering from pneumonia, who produce high virulence bio-aerosols, or DT exposed to bio-aerosol sources in dental practices, is at higher risk for developing disease or allergies. According to a risk assessment study, conducted in a hospital with DT exposed to high-risk procedures, a risk ratio (RR) of 2.5 was found for acquiring viral or bacterial infection. Thus, the risk of acquiring pathogenic agents by HS may be a hazard to both healthy and immunosuppressed patients as well as to DT (5). Legionella spp. are ubiquitous in HS, in fact surveys have shown that the percentage of samples taken at different dental sites that were positive for Legionella spp. was highly variable and ranged from 0 to 100% (6) . The concentration of Legionella spp. in HS may reach 1000 organisms per ml (6) . The primary route of Legionella spp. transmission is inhalation or aspiration of environmentally contaminated aerosols (7). The presumed natural reservoirs for Legionella spp. are amoebae that Legionella cells can invade and in which they can replicate, in fact amoebae are the natural hosts of legionellae in the environment; the relationship between these organisms is unique in that, amoebae which generally use other bacteria as food, are parasitized by legionellae (8) . Exposure to HS containing free-living amoebae may cause infections for pathogens such as Legionella; in fact freshwater amoebae have been detected in HS (8) . The presence of Legionella in HS leads to the widespread creation of potentially pathogenic aerosols. Because the primary route of infection by Legionella pneumophila is inhalation, these aerosols could represent a serious health problem for both patients and DT, but there is no published evidence of clusters or outbreaks of legionellosis linked to dental care. Considering that DT experience daily cumulative exposure to aerosols created by HS and that there has been only one proven case of Legionnaires' disease caused by exposure to HS, the occupational risk due to exposure to legionellae appears to be very low. The infection risk category for immunocompetent healthcare workers ranges from 1 to 5 for low levels of Legionella pneumophila in HS. Annual reports of Legionella in HS, have described only a few cases in which dental treatment has been reported as the only risk factor for the disease, in addiction the 2015 Italian guidelines for the prevention of Legionnaires' disease included for the first time safety recommendations for dental surgeries (8) . Like Legionella pneumophila periodontal and peri-implantitis (9-15) pathogens may be present in HS biofilm and represent a risk of contamination. In fact peri-implantitis and periodontal disease spring from bacterial infection (16) . So, every factor favouring oral biofilm formation (poor oral hygiene), host defence capability (smoking habit, excessive alcohol consumption, genetic traits, history of periodontitis, oral mucosal lesions and prosthetics) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) , might favour developing of peri-implantitis and periodontal disease, which pathogens may contaminate dental unit water-lines (26) (27) (28) (29) (30) (31) (32) (33) .
Conclusions
All dentists are required to conduct a statutory risk assessment of their HS, in fact to comply with their legal duties, employers must identify and assess the sources of risk and prepare a scheme for preventing and controlling risks. Moreover, they must monitor the quality of their HS at least annually to ensure that the HS are "legionellae free". Appropriate procedures (Table 1) to decontaminate HS, including autoclaving and handpiece replacement between patients, have been developed and implemented in dental practices. These procedures are aimed at reducing the likelihood of dissemination of pathogens within HS, which can lead to infections. However, decontamination of handpieces (such as high-speed drills and syringes) does not eliminate potential exposures to pathogens that originate from the HS. Various products have been developed to treat the water used in HS so as to reduce the number of bacteria delivered to the patient.
Because disinfectants for registration are tested in vitro and the construction characteristics of the HS vary widely, the field tests and disinfec-tion protocols are tailored to the individual devices. It is not usual to find a disinfection protocol that is effective for all. The artificially contaminated simulation device made it possible to measure, under controlled conditions, the performance of the HS disinfection, in the absence of variables such as biofilms, flow intensity, other microbial species, temperature, and chemical characteristics of the water. Germicidals are safe for patient contact, so they could be used as a preventive option, and may be useful in HS disinfection, alone or coupled with a daily or periodic shock treatment. Because previous studies have shown that aerobic heterotrophic bacteria are the predominant organisms present in HS, this review could offer a stimulus to monitoring the total heterotrophic bacteria contamination in HS. Table 1 -Prevention of contamination of dental unit Hydraulic System (HS).
Indipendent water supply
Distilled or sterile water coming from independent tanks (sterilizable or disposable) can solve the problem of contamination of the dental unit but does not solve the problem of retrograde contamination.
Filters at the dispensing taps 0.22 micron filters at taps do not avoid retrograde contamination, compromise the efficiency of the dental unit, resulting in drips and loss of flow.
Flushing
Forced rinsing for few minutes (30 "-2 ') after each patient; forced rinsing at the beginning and at the end of the day; both procedures do not remove the biofilm.
UV Ray
They can reduce the contamination of water origin at the entrance but it is difficult to guarantee its effectiveness.
Electrolictic treatment of water Biocidal oxidizing radicals such as chlorine derivatives, can be released into the water. However they have a corrosive action on water tubes of the dentist unit.
Continuous treatment with disinfectants
The use of a low concentration of disinfectant in the water is not harmful for patients or for operators but have modest effectiveness and select resistant microorganisms.
Discontinuous treatment with disinfectants Use of medium or high concentration of disinfectants added to water between one patient and another at night or once a week overnight involves particular attention to the possible deterioration of the implant (valves, tubes, connections) of the dental unit. Different types of treatment have been tried: peracetic acid, sodium hypochlorite at different concentrations (1500-5000 ppm), chlorine dioxide, glutaraldehyde, hydrogen peroxide, phenol, povidone iodine, isopropanol, chlorhexidine, ethanol and chlorhexidine, phosphoric acid, ozone. Sperimentations were carried out on pilot dental unit with the objective of reducing the bacterial charge and reducing or eliminating the biofilm. The results are encouraging on the reduction of bacterial charge, but not on the elimination of the biofilm; the most important problem seems to be the maintenance of the bacterial reduction.In no case the experiments are sufficiently conclusive, although the use of peracetic acid seems to be among the most encouraging.
Antireflux valves Prevent retro-aspiration but may contaminate and accumulate biofilms or incrustations that make them less efficient. They involve periodic maintenance and replacement.
